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Description 

The present mvcnticn relnlGS gono<,illy dielec- 
lr,c dcv.co hav,ng . d,olec.r,c him h d.olecinc memory _ 
us.ng . d,eleclrrc him m ,ls gnte poruon and a mcihod = 
ol fabncnting the same 

A memory hav.ng a capacaor composed ol a ierro- 
eiectr.c thrn him provided ,n a gate pomon o( a field etioct 
•ransistor 'FETi has been known as a nondestructive 
readable nonvolatile memory As the structure of such h 
a lerroelectnc memory an MFS tmetal- lerroelectr.cs- 
ser^iconductor, structure an MFlS 
lectncs-insulator-sem.conducton structure an MFMIS 
(metal-ferroelectncs-metal-insulatot-semiconductor) 
sUuclure and so lorth have been proposed 

In the lerrcelociric mermory having the MFS struc- 
ture a ferroelectric th,n film is provided as a gate insu- 
lating film of an FET so that the ferroelectric thin film is 
brought into direct contact with a semiconductor sub- ^ 
suate Therefore constituent atcms react wah each oth- - 
er and mutually diffuse on the surlace ol the ferroelectric 
thin film with the semiconductor substrate As a result 
rharsrieristics ol the ferroelectric memory are de- 
grad'ed decreasing the reliability thereof 

in the ferroelectric memory having the MFlS struc- • 
ture an insulating film is provided as a diffusion barrrer 
layer (a buffer layer) for preventing constituent atoms 
from mutually diffusing between a semiconductor sub- 
strate and a ferroelectric thin tilm However thedrflusron 
barrier characteristics of the insulating film are not suf- 
ticient so that the problems of the reaction and the mu- 
tual diffusion of the conshtuent atcms on the surface of 
the ferroelectric thin film with the semiconductor sub- 
strate are not satisfactorily solved 

In the lerroelectnc memory having the MFMIS 
structure therefore a capacitor composed of a ferroe- 
lectric thin turn ihereinalter referred to as a ferroelectric 
capacitor) is formed on a gate electrode of a normal FET 
formed on the semiconductor substrate 

Fig 7 ,s a schematic cros ;-scctional view showing 
one example of the conventional ler-celectric memory 
having the MFMIS structure 

In Fiq 7 a source region 22 composed of an n- lay- 

frrrl^Pd wah'prndoto. mined spacing on the surface ol a 

, . ^sir-.io 2' A -coicr of the sihcon sub- 

;,rat;;'2- oetween the source -oqion 22 -^d ^hc dra^ 
^„ ,-„-.i -o.-^inn -^-X A late oxide film 25 
region <ij iS a phalli. ui ..-.^^lo - j ^ , , 07 

a floating gate electrode 26 a ferroelectric thin him 27 
and a control gate electrode 25 are formed in this order 
on the channel region 24 

Description is now made of the principle under 
rrnr-c'v sh^^wn in Fig 7 opcr- 
which the ferroeieutric mc!T,o./ si.- a 
..oc A ^ufhcent Dositive voltage to inversely polarize 



.arqed ana the su-lacc ct the lorroelcc ■ 
with the floating :atc eioctrodc 26 .s pos- 



the surface d the floating gate elec- 
trode 25"with me ferroelectric thin film 27 is negatively 
charged and the surface of the floating gate electrode 
26 with the gate oxide film 25 is positively charged so 
Ih-it an inversion layer is formed in the channel region 
24 between the source region 22 and the drain region 
23 As a result an FET is turned on although the voltage 
of the control gate electrode 25 is ^cro 

Contrary to this a sufficient negative voltage to in- 
versely polarize the ferroelectric thin film 27 is applied 
to the control gate electrode 25 to set the voltage of the 
s control gate electrode 25 to zero again Therefore the 
surface of the ferroelectric thin film 27 with the control 
gate electrode 25 is positively charged and the surface 
of the ferroelectric th,n film 27 with the floating gate elec- 
trode 26 is negatively charged 
0 In this case the surlace of the floating gate elec- 

trode 26 with the ferroelectric thin film 27 is positively 
charged and the surface of the floating gate electrode 
26 with the gate oxide film 25 is negatively charged As 
.. inversion !a"er is formed in the channel re- 
:5 g,on'2l be^wee^n th^e source reg.on 22 and the drain re- 
gion 23 so that the FET is turned ofl 

If the ferroelectric thm film 27 is thus sufficiently po- 
larized inversely the FET can be selectively turned on 
or off even after a voltage applied to the control gate 
30 electrode 26 is set to zero Therefore it is possible to 
discriminate between data and "0" which are stored 
,n the ferroelectric memory by detecting a current be- 
tween a source and a dram 

In the ferroelectric memory shown in Fig 7 the fer- 
js rop'octnc thin film 27 is formed on the floating gate elec- 
trode 26 composed of a material which .s low in reactiv- 
,ty for example Ft iplatmum, and the gate oxide film 
25 and the floating gate electrode 26 function as diffu- 
sion barner layers Consequently constituent atoms are 
.0 prevented from reacting with each other and mutually 
diffusing between the ferroelectric thm f'lm and the sem 
.conductor substrate as compared with the ferroelectric 
memory having .he MFS^structure and the fei roelectric 
momon/ having the MFiS structure _h--wing 

Hncthcr JxaiT^Je of the conventcnai fc- rcciectnc mem- 
cv-avmq'ncMFVllSsiruCt.ro The 'cr-oelerMrc mem- 
orv shown in Fiq 5 -s disdosea m ^F - A-5 ^' ''^^ 

InFig 5 a source region 34 corT^posed d a p- layer 
SO and a drain region 35 composed of a p- layer are formed 
with predetermined spacing on the surface of an r. sil- 
icon substrate 31 A region ol the silicon substrate 31 
between the source region 34 and the drain region 35 
.s a channel region 36 A gale oxide Him 32 is formed 
-f, ^ 'irs; tower electrode 33 
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tac! f'.cic 3^ i5 'lOrv.crj n !hG \n\c•^•-:ycl >nsuiniinq tiltn 3/ 
on the 'irsl Icwcr oiociiodo 33 ^nd ,h winng Invor -IC is 
formed in Ihe conlHCi ncic 3^ 

Conlricl holes ^irc respectively provided m the inter- 
Inyer insulr,tinq tilm 37 on the source rcqicn 34 and the 
,nlerl?iyer insulating lilm 37 on the dram region 35 and 
wiring layers 45 and 46 are respectively (otnncd in the 
contact holes 

Furthermore a second lower electrode 42 is formed 
on the wiring layer 40 connected to the first lower elec- 
trode 33 A ferroelectric thin film 43 is formed on the sec- 
ond lower electrode 42 and an upper electrode 44 is 
formed on the ferroelectric thin film 43 Further ohmic 
electrodes 47 and 48 are respectively formed on the wir- 
ing layers 45 and 46 which are connected to the source 
region 34 and the dram region 35 

In the dielectric memory shown m Fiq 3 the ferro- 
electric thin film 43 is formed on the second lower elec- 
trode 42 composed of a material which is low in reactiv- 
ity lor example Pt and the mterlayer insulating film 37 
IS provided between the tirst lower electrode 33 and the 
second lower electrode 42 so that constituent atoms 
are further prevented from reacting with each other and 
mutually diffusing between the ferroelectric thin film 43 
and the silicon substrate 31 

In the fabrication of the ferroelectric memory shown 
in Fig 5 in patterning the upper electrode 44 the ferro- 
electric thin film 43 and the second lower electrode 42 
by etching a conductive material such as Pt which is a 
material for the upper electrode 44 and the second lower 
electrode 42 which have been etched may in some cas- 
es adhere or deposit on sidewalls of the ferroelectric 
thin film 43 Therefore a current leaks between the up- 
per electrode 44 and the second lower electrode 42 so 
that the reliability of the ferroelectric memory is do- 
creased nnd the fabrication yield thereof is decreased 
An obicci of the present invention is to provide a 
dielectric device whose reliability and yield are prevent- 
ed from being decreased by the adhesion or the depo- 
sition of a conductive material on sidewalls of a dielectric 
film 

Another object of the present invention is to provide 

^ amlpr'nr ir.emcrv whcsc rciiaDiiily and yield arc pre- 



er ferried so as to cover the first conductive ^.iycf and 
having a contact hole a second conductive layer pro- 
vided ^n the contact hole of the insulating layer and a 
dielectric lilm formed on the second conductive layer 

S In the dielectric device the second conductive layer 

which IS brought into contact with the dielectric film is 
provided in the contact hole of the insulating layer In 
patterning the dielectric film therefore a material for the 
second conductive layer does not adhere or deposit on 

'0 sidewalfs of the dielectric film Consequently the relia- 
bility and the yield arc prevented from being decreased 
by the adhesion or the deposition of a conductive ma- 
terial on the sidewalls of the dielectric film 

The dielectric tiirn may be a ferroelectric film In this 

IS case the reliability and the yield of the dielectric device 
including the ferroelectric film aie improved 

The dielectric device may further comprise a third 
conductive layer formed on the dielectric film In this 
case a dielectric capacitor is constructed Also in this 

20 case sincethesecondconduclivefayer which IS contact 
with the dielectric film is provided m tnc contact hole of 
the insulating layer reduction of the area of the capacitor 



The die'lec: .c device may further comprise a con- 
25 nccting layer formed under the second conductive layer 
in the contact hole for electrically connecting the second 
conductive layer to the first conductive layer 

In this case the connecting layer and the second 
electrode layer are provided in the contact hole of the 
JO insulating layer and the second conductive layer m the 
contact hole is electrically connected to the first conduc- 
tive layer by the connecting layer 

A dielectric memory provided in a semiconductor 
according to another aspect of the present invention 
35 comprises first and second impurity regions 'ormed with 
predetermined spacing in the semiconductor a gate in- 
sulating film formed on a region between the first and 
second impurity regions a first lower electrode layer 
formed on the gate insulating film an mterlayer insulat- 
ing tiirTi formed on Iho semiconductor so as to cover the 
first lower electrode layer and the gate insulating film 
and having a contact hole a second lower electrode lay- 
er formed :n the contact hole of the mterlayer insulating 



ow.,lis of a di- 



vide a method of lacncating a dielectric device whose 
reliability and yield arc prevented from being decreased 
by the adhesion or the deposition of a conductive ma- 
terial on sidewalls of a dielectric lilmi 

A further obioct of thcpresonf mvention is to provide 
a method of (^bncalinq a dielectric merr,cry whose reli- 



ucDor surface of the second -ower eicc.r^^ae in/..^ ni.u 
an upper electrode layei 'ormed on the dicieclnc tilm 
in the dielectric memory the second lower electrode 
50 layer which is brought into contact with the lower surface 
of the dielectric film is provided m the contact hole ot the 
inioriayer insulating film In patterning the upper elec- 
trode layer and the dielectric iiim theielore n mrticnal 
, 'n.vjr^r oio'-r^ode layer does not adhere or 
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ond icw.^r elcci.ode i^yer because the second lower 
elocl.cdo inyer ,s provided ,n Ihe ccnl.c: hole ol the 
lerlHycMnsulHtinqtilm Conscqucnily Ihe reliability and 
the yield arc prevenled from being decreased by the ad- 
hesion or ihG deposition of a conductive rmaterial on the 
sidewalls ol the dielectric (ilm 

The dielectric memon/ may lurthcr comprise a con- 
nectinq layer formed under the second lower electrode 
layer m the contact hole for etectncally connecting the 
second lowe. electrode 'ayer to the first lower electrode 

'''^''In this case the connecting layer and the second 
lower electrode layer are provided in the contact hole of 
the interlayor insulating film and the second lower elec- 
irode layer .n the contact hole ,s electrically connected 
to the first lower electrode layer by the connecting layer 
The dielectric memory may further comprise a buff- 
er layer formed on the interfayer insulating film In this 
case the dielectric film is formed on the mterlayer insu- 
lating film through the buHer layer so that the stress ap- 
plied to the dielectric film formed on the mterlayer insu- 
lating film is retrieved Therefore the dielectric film is 
prevented from being cracked and constitueni ele- 
ments are prevented from reacting with each other and 
mutually diffusing between the dielectric film and the in- 
terlayer insulating film 

The dielectric tilm may be a ferroelectric film In this 
case the reliability and the yield of the dielectric memory 
including the ferroelectric film are improved The ferro- 
electric film may have a perovsk.te crystal structure 

The semiconductor may be a semiconductor sub- 
strate or a semiconductor layer The semiconductor 
may be silicon of a first conductivity type and the first 
and second impurity regions may be formed of silicon 
of a second conductivity type opoosite to the first con- • 
ductivity type 

A dielectric device according to still another aspect 
of the present invention comprises an insulating layer 
having a contact hole a conductive layer provided m the 
contact hole ot the insulating layer and a dielectric film 
formed on the conductive layer 

In the dielectric device the conductive layer which 
^ 1,1, n roni With iht"- dielectric tilm is provided 

'^'^ k\ ~ci' '-'i^n dees '^ol adhere or deposit 
„( H,P 'ii,-^ ^1 'he 'imc ol patterning 

-j",v',^-., r tilir ■^rrsr-rzrcrVy the reliability and the 
yield a'ro prevented from being decreased by the adhe- 
sion or the deposition of a conductive material on the 
sidewalls of the dielectric film 

The dielectric device may further comprise another 
.^.fj i^ypr fcrr-^od on the dielectric film In this 
case a dielectric capacitor is constructed 



end conductive ^ayoi m the contact noic of If^o insulating 
layer forming a diclectnc film on the secona conductive 
layer and patterning the dielectric film 

In the fabricating method the second conductive 
; layer is loimed m the contact hole of tfic insulating layer 
In forming the dielectric film on the second conductive 
layer and patterning the dielectric tilm therefore a ma- 
terial for the second conductive layer does not adhere 
or deposit on sidewalls of the dielectric film Conse- 
'0 quently the reliability and the yield of the dielectric de- 
vice are improved 

The dielectric film may be a ferroelectric film In this 
case the reliability and the yield of the dielectric device 
including the ferroelectric film are improved 
;5 The fabricating method may further comprise the 

steps of forming a third conductive layer on the dielectric 
film and patterning the third conductive layer In this 
case a dielectric capacitor is constructed 

A method of fabricating a dielectnc memory accord- 
20 ing to a further aspect of the present mvenlicn compris- 
es the steps ol forming a gate insulating layer on a chan- 
nel region forming a first lower electrode layer on the 
^. ,^-..].,;,r,r, film forming an mterlayer insulating film 
so as to coverme first lower electrode layer and the gale 
:5 insulating film forming a contact hole in the intortayer 
msulating tilm forming a second lower electrode layer 
electrically connected to the first lower electrode layer 
,n the contact hole of the mterlayer insulating film form- 
mg a dielectric film on the mterlayer insulating film so as 
JO to be brought into contact wUh the upper surface of the 
second lower electrode layer forming an upper elec- 
trode layer on the dielectric film and patterning the up- 
per electrode layer and the dielectric film 

In the fabricating method the second lower elec- 
trode layer is formed m the contact hole of the mterlayer 
msulatmq lilm In lormmg the dielectric film and the up- 
per electrode layer m this order on the second lower 
electrode layer and patteming the upper electrode layer 
and the dielectnc tilm therefore a materia, for the sec- 
.0 ond lower electrode layer does not adhere or deposit on 
sidewalls of the diclectnc film Even if a material for the 
upper electrode layer adheres or deposits on the side- 
walls of the diclectnc film a current does not 'eak^be- 

e'ectrode layer because the second lower eioctrcde lay- 

latinq film Consequently the reliaDihly and Iho yield ^^l 
the dielectric memory are improved 

in the fabricating method the stop of forming the 
second lower electrode layer may comprise the steps of 
formmg a connecting layer up to a predetermined depth 
:n the contact hole and formmg an electrode layer on 
the connecting layer m the contact hole 

.K,e ^.^.-^ thr. .-nnnoctinq lavor and the second 
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The fabnciiinq method rnny furinei comprise the 
step of formirq -i d.tfusicn bnr^er !.ycr on the connect- 
ing layer Therefore the oxidation of the connecting lay- 
er and the ditlusion of impurities mlo the first lower elec- 
trode layer are prevented 

The faoiicaiing method may funher comprise the 
step of forming a butter layer on the interlayer insulating 
film 



1 this case the diolectr 



: film IS formed on the in- 



terlayer insulating film through the buffer layer so that 
the stress applied to the dielectric tilm is retrieved 
Therefore the dielectric film is prevented from being 
cracked and constituent elements are prevented from 
reacting with each other and mutually diffusing between 
the dielectnc film and the interlayer insulating film 

The dielectnc film may be a leiroelectric film In this 
case the reliability and the yield of the dielectric memory 
including the ferroelectric film are improved The ferro- 
electric film may have a perovsf^ite crystal structure 

The fabricating method may furlher comprise the 
step of forming first and second impurity regions on both 
side of a channel region The channel region may be 
fcrm.od of silicon o! ^ first conductivity type and the first 
a^nd second impurity regions rTiay be formed of silicon 
of a second conductivity type opposite to the first con- 
ductivity type 

The foregoing and other ob|ects features aspects 
and advantages of the present invention will become 
more apparent from the following detailed description of 
the present invention when taken m conjunction with the 
accompanying drawings 

Fig 1 IS a schematic cross-sectional view showing 
the construction of a ferroefectric memory accord- 
ing to one embodiment of the present invention 
Fig 2 IS a cross-sectional view showing the steps 
of a method of fabricating the ferroelectric memory 
shown in Fig 1 

Fig 3 IS a cross-sectional view showing the steps 
of a method of fabricating the ferroelectric memory 
shown in Fig 1 

Fig 4 IS a cross-sectional view showing the stops 
of a method of faCric.itinq the ferroelectric memory 



Fig 5 IS a crcss-socticnrti vicw^ snowing ^ho stoos 
Shown in i=iq 1 

Fig 6 IS a cross-secticr-.ai .icw snowing the stoos 
of a method of fabricating the ferroelectric memory 
shown in Fig i 

Fig 7 IS a schematic cross-sectional view showing 
one example of a conventional ferroelectric memo- 

c'n 2 5 -1 ^-'-'^mJlic -ross-soctional view showing 



the construciicn of a ferroelectric iTomoiy ^cccrcmg to 
one emocGirTient of the present invention 

in Fig 1 source region -i composed of an n- layer 
and ,^ drain region 5 composed of an n- layer are formed 
5 with predetermined spacing m the surlaco of a p-type 
single crystalline silicon substrate 1 A region ol the sil- 
icon substrate i between the source region 4 and the 
dram region 5 is a channel region 6 

A gate insulating film 2 composed of SiO^ is formed 
w on the channel region 6 A first lower electrode ^a gate 
electrode) 3 composed of polysihcon is formed on the 
gnte insulating film 2 An interlayer insulating film 7 is 
formed on the silicon substrate 1 so as to cover the first 
lower electrode 3 and the gate insulating tifm 2 A buffer 
,5 layer = composed of TiOo (titanium oxidei CeO; (ceri- 
um oxide) etc IS formed on the interlayer insulating film 
7 

A contact hole 9 is formed m the interlayer insulating 
turn 7 and the buffer layer 3 on the first lower electrode 

20 3 A connccling layer (a plug) lO composed of a con- 
ductive material such as polysihcon or W (tungsten) is 
formed up to a predetermined depth in the contact hole 
9 A second lower electrode 1 2 composed ol a conduc- 
tive material such as Pt (platinum) or iiO; i n id.um, oxide) 

25 IS formed on the connecting layer 10 in the contact hole 

A ferroelectric thin film 13 composed of PZ^ (lead 
titanate /irconate) or SrBiTaO having a perovskite crys- 
tal structure is formed on the buffer layer S so as to be 
30 brought into contact with the upper surface of a second 
lower electrode 1 2 An upper electrode 1 4 composed of 
conductive material such as Pt or IrOo is formed on 
the ferroelectric thin film 13 

Contact holes are respectively formed in the buffer 
35 layer S and the interlayer insulating film 7 on the source 
region 4 and the buffer layer 5 and the interlayer insu- 
iHting film 7 on the dram region 5 and a source electrode 
15 and a dram electrode 16 which are composed of a 
conductive material such as polysihcon are respectively 
w fcimed in (he contact holes Wiring layers 17 and 15 are 
respectively formed on the source electrode 15 and the 
dram electrode 15 

In the P'°S'^'^' cmoodirrient the source rogicn 4 and 

rcrrosconcs (0 .-i ti'st conductive layer or a first lower 
elccdodc layc The second lower ciecirocc l£ coiiu- 
sccnds to a second lower electrode layer the connect- 
mg ia"ior 10 corresponds to a conncctmg layer and the 
so connecting layer 1 0 and the second lower electrode 1 2 
constitute a second conductive layer Further the upper 
electrode 1 4 corresponds to an upper electrode layer 

Figs 2 3 4 and 5 arc cross-secfional views show- 
ing (he'steps of method of fabricating the ferroelcclric 
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mclhod and a Vsl iowo- elGCirode 3 composed ol poly- 
Silicon h^vinq a thickness ol 2CC0 A s lormcd on ihc 
q^lo insuiHi'nq film 2 by a CVD moihcd la chemical va- 
por deposition rncthodi 

As shown in Fiq 2 (b, Ihc lirsl lowet electrode 3 
and the gale msulalinq U\rr. 2 in a portion excluding a 
gate lo.ming region on the silicon substrate 1 arc then 
removed usmq a dry process such as roactive-ion etch- 
ing <RIE' or lon mi.linq to form a gate portion n-type 
impurities ^n n-!ype dopant) are ,cn-implanted into the 
surface of the silicon substrate l using the first lov^er 
electrode 3 as a mask (or lon implantatiorn to perform 
heat treatment Consequently a source region 4 and a 
dram region 5 which are composed of an n -type impurity 
layer (an n' layer) are respectively formed in self -align- 
ment with the gate insulating film 2 and the first lower 
electrode 3 on the silicon substrate i A region of the 
silicon substrate 1 between the source region 4 and the 
dram region 5 is a channel region 6 

Thereafter an inierlnyer insulating film 7 composed 
of SiOo etc having a thickness ol approximately 5000 
A IS formed by a CVD method or the like on the silicon 
^, .K^iraio 1 so as in cover the first lower electrode 3 and 
the gale insulating film 2 as shown in Fig 2 (c) 

As shown in Fig 3 id) a buffer layer e having a 
thickness ol 500 A composed otTiO. CeO, etc is then 
formed on -he mterlayer insulating film 7 Thereafter a 
contact hole 9 is provided by a lithograph.c technique in 
the buffer layer 5 and the mterlayer insulating film 7 on 
the first lower electrode 3 as sncwn m Fig 3 (e) 

As shown in Fig 3 (f) a connecting layer 10 com- 
posed of a conductive material such as polysilicon or W 
IS formed in the contact hole 9 Inlhiscase the thickness 
of the connecting layer 10 is set such that the distance 
from an upper end of the contact hole 9 to the upper 
surface of -he connecting layer 1C is 1 500 A As a meth- 
od of forming the connecting layer 1 0 a conductive layer 
IS formed on the inside of the contact hole 9 and the 
whole surface ol the buffer layer 5 after which the whole 
surface IS etched to remove a conductive layer on the 
buffer layer 3 

As shown m Fig 4 ig) a diffusion barrier layer 11 
composed of a conductive material such is TiN or TaSiN 



layer 1 1 h^vinq a thickness ol 300 A is thus formed cn 
the connecting layer iC m the contact hole 9 The diffu- 
sion barrier layer 11 w'll be a pari ol the second lower 
elcctiode 12 icimed m the subsequent process 
s As shown in Fig 4 ni a second lower electrode 12 

having a thickness ol 3000 A composed of a conductive 
material such as Pi or lrC2 is then formed on the buffer 
layer 3 and the diffusion barrier layer 11 in the contact 
hole 9 by a sputtering method a CVD method a sol-gel 
10 method or the like Another material on wh.ch a ferroe- 
lectric crystal can be grown may be used as a material 
for the second lower electrode 12 For example RuO, 
(ruthenium oxide) may be used 

As shown in Fig 5 (|) tt^e second lower electrode 
rs 12 IS then flattened by etch-back a CIV1P method (a 
chemical mechanical polishing method) or the like leav- 
ing the second lower electrode 1 2 in the contact hole 9 
to form the second lower electrode i2 having a thick- 
ness of 1200 A in the contact hole 9 In this case CU is 
20 used as etching gas and the etching conditions are an 
RF power of 300 W and a pressure ol 3 x 10"' !orr As 
the etching gas the other gas such as Ar HBr or BCI3 
may be used or their mixed gas may be used 

The second lower eicciroae 12 and the diffusion 
25 barrier Uyer 11 may be simultaneously flattened by 
etch-back or a CMP method after continuously forming 
the diffusion barrier layer 11 and the second lower elec- 
trode 12 instead of etching the diffusion barner layer 11 
back in the stop shown in Fig 4 if) 
30 As shown in Fig 5 (k) a ferroelectric thin film 13 

having a thickness of 2000 A composed of PZT Sr- 
BiTaC etc is then formed by a sol-gel method a sput- 
tering method a CVD method or the like on the second 
lower electrode 1 2 and the buffer layer 5 
35 As Shown in Fig 5(1 1 an upper electrode 1 4 com- 

posed of a conductive material such as PI or IrO. having 
a thickness of 1500 A is then loimed by a sputtering 
method on the ferroelectric thin film 13 

Thereafter the upper electrode 1 4 and the ferroe- 
40 lectric thin film 1 3 are simultaneously oatterned by etch- 
ing as shown in Fig 5(m) Inlhiscase CI, is used as 



etching gas and the etcning conditions are . 



c suifr 



buffo 



■r ; by - 



,„p,i-,,~r4 -r 'hf^ iiKO 'n ordn^ Ic prevorTi 
theconneict^^'iq^aver 1 0 Irom bemq cx,d./od and prevenl 
impunlies liom oeinq dit'used mic a gate portion 

As shown in Fig 4 ihj the whole surface of the dif- 
fusion barrier layer 11 is etched to remove the diffusion 
barrier layer 11 on the buffer layer 5 as well as to etch 
the bulfer layer 11 br^cU until the upper surface of the 
diffus.cn baincr layo. r. in the contact hole 9 is lowc 
,H^P ,^0 vcc^^ surface of the buffer lavcr 3 In this case 



n RF power 

of 300 Wand a pressure of 3 X lO'^^torr As the etching 

qas the cthoi aas such as ^i CF_, SF^, HBr or 3C1. 

oG or their mixed qas mny 00 u'^.od Thcupcer 
14 ^nd the tcroclecti ic thin f'^r^ 13 may bo 

!hG"tuffor''iavor 3 may be etched The ferroelectric thin 
film 'l 3 need not necessarily extend over the buffer layer 
3 provided that it is brought into contact with the upper 
surface of the second lower electrode 12 

The buffer layer 3 and the mterlayer insulating film 
7 th.^ source electrode 4 and the buffer layer s and 



the 1 



:erlayor insulating fi 



7 on the drain electrode 5 



-MXX30- <£P_08BB317Aaj_. 
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;olec;ric mem- 
I IS Ihus fHbri- 



ris shewn in F g 1 F.nr,ily wK.nq .v.O' 
posGd ol Al HfC rcspeclivoiy tcrr-cc :r 
trodG 1 5 rind the dram electrode "6 A !f 
ory ricccrdmg to the present omccairr 
catod 

In the lerroolectric momoiy accctding to the present 
embodiment the second lower electrode 12 is provided 
in the contact hole 9 of the mterlnyer insulating lilm 7 
In patterning the upper electrcao 1 4 and the ferroelectric 
thin film 1 3 t3y etching tnerctoie the conductive mate- 
rial for the second lower electrode 12 does not adhere 
or deposit on sidewalls ol the ■erroelectnc thin tilm 13 
Even il the conductive nnaterial for the upper electrode 
14 adheres or deposits on the sidewalls of the ferroe- 
lectric thin film 13 a current dees not leak oetween the 
upper electrode 14 and the second lower electrode 12 
because the second lower electrode 12 is provided in 
the conlact hole 9 ol the mterlayer insulating tilm 7 As 
a result the reliability and the yield of the ferroelectric 
memory are improved 

In the step shown in Fig 5ik, the ferroelectric thin 
film 13 IS formed on the mterlayer insulating film 7 
... .^^-L-^ ,L,g ijLiftcr layer S sc 'hat the stress applied to 
the ferroelectric thm film 1 3 is retrieved by ine buffer lay- 
ers Therefore the ferroelectric thm film 1 3 is prevented 
from being cracl^ed and constituent elements are pro 
vented from reacting with each other (for example re 
action between Pb and SO;) and mutually diffusing be 
tween the ferroelectric thin tilm 1 3 and the mterlayer in 
sulating film 7 As a resuU the reliacilUy and the yield o 
the ferroelectric memory are further improved 

Furthermore the ferroelectric ihin tilm 13 :s formed 
on '^he second upper electrode 1 2 :omposed of a mate- 
rial which IS low in reactivity for example Pt and the 
mterlayer insulating film 7 is provided between the fer- 
roelectric thin film 1 3 and the silicon substrate 1 so th^t 
the constituent elements are sufficiently prevented from 
reacting with each other or mutually diltusing between 
the lerroelocfnc thin film 1 3 and the silicon substrate l 

Description is now made of 
by the terroeiecinc memory sfiGv\ 
positive voltage lo mveiaeiy po 
thin film 13 IS applied to the upu 



to the upper elecirode 1 4 to set the voltage of the upper 
electrode 14 to zero again Consequently the surface 
of the ferroelectric thin film 13 with Ihe upper electrode 
14 IS positively charged and the surface ol the (erroe- 
lectnc ihin film 13 with the second lower electrode 1 2 is 
negatively charged 

In this case the surlace of the second lower elec- 
trode 12 with the ferroelectr.c thm film 13 is positively 
charged and the surlace of the first lower electrode 3 
with the gate insulating film 2 is negatively charged As 
a result no inversion layer is formed in the channel re- 
gion 6 between the source region 4 and the dram region 
5 so that the FET is turned olt 

When the ferroelectric thin film 1 3 is thus sufficiently 
polarized inversely the FET can be selectively turned 
on or olf even alter a voltage applied to the upper elec- 
trode 14 IS set to zero Therefore it is possible to dis- 
cnmmate between data "1" and "0" which are stored in 
the ferroelectric mem.ory by detecting a current between 
' a source and a dram 

A voltage other than "0" by which the FET can be 
selectively turn on or off may be applied to the upper 
electrode 14 

As the ferroelectric thin film 13 ferroelectrics com- 
' posed of the following materials may be used 

( 1 } Bismulh system layer structure ferroelectrics ex- 
pressed by the following general formula may be 
used 



A IS Sr Ca or Ba and B is Ti Ta Nb W or V 
When n = 1 



iticns performed -'O 



BUWO5 
Bi'vOq . 



B12O3 ' SiTa206 
(s'SioTaoOq)" SI 

Buo" SrNb,C.-, 



Ih Ihc f hP e c h V 
ond lower eiecirode 1^ i5> pui..MU'-j / .^^^ 

In this case the surface ol the sccona lowei elec- 
trode 12 wilh the ferroelectric thin film 13 is negatively 
charged and the surface of the first lower electrode 3 
with the gate insulating film 2 :s pes. lively chrirgcd As 
a result an inversion layer ,s •ci'^:ed n the char'r:ei re- 



Whcr. r. 3 

BuO. ■ SrTaoOg ■ BaTiO- 
BuO; SrTabg ' SrTiO-, 
Bi^O; ' BuThOq 
(BuTi.O.ri BIT 

When n 4 
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(2! Fcrroclectncs (Ot nn isotrcp 
oxptossec! by the following gent 
used 



PZT iFbZlQ ;Tlc 
Ti, v)0-, PLZT 



(Sfi^xCaxiTiCi; 



M IS La I 



f Sb nnd N is Nb V Ta Mo or W 



n 13 



As a method of forming Ifne ferroelectric 
a molecular beam epitaxy (MBE) method a laser abla- 
tion method a laser molecular beam epitaxy method a 
sputtering method (of an RF (Radio Frequency) type a 
DC (Direct Current) type or an ion beam type) a reac- 
tive evaporation method an MOCVD method (a metal 
organic chemical vapor deDOSition method) a mist dep- 
osition method a sol-gel method etc can be used de- 
pending on the above-menuonec; inniorinl for the .crro 
electric thin film 13 

A material for the second lower electrode 12 and 
the upper electrode 14 are not limited to Pt or IrOs The 
other material may be used Examples include noble 
metals (Au Ag Pt Ru Rh Pb Os Ir etc ) high-melting 
point metals (Co W Ti etc ) high-melting point metal 
compounds (TiN IrSiN etc) conductive oxides I RuO. 
RhOo OsOs IrO, ReOo ReO-. MoO; WO2 SrRuO. 
Pb^RuO- x"Bt.Ru-0-.> etc ) or alloys of the m.atenals 
" The second lower electrode 1 2 and the upper elec- 
trode 14 may have a multilayer structure of the above- 
mentioned materials or a two-layer structure in which a 
P! layer is formed on a Ti layer toi example 

rvlaterials for the tirsl lower electrode 3 and the con- 
necting layer 1 0 are not limited to polysilicon or W Ottier 
conductive materials may be used 

Furthermore although in ihc above-mentioned em- 
bodiment the FET is (ormed on the silicon substrate i 
,^^g may be formed on the other semiconductor sub- 
sirrite or scmicoi-ductcr 'nycr 



the plurality of r b is 

Although m the >-ibove-mentioned embodiment de- 
scription was made of a case where the present inven- 
tion IS applied to the ferroelectric memory which oper- 

5 ates as a nonvolatile mennory the present invention is 
also applicable to a ferroelectric memory which per- 
forms nonvolatilcoperations Further the present inven- 
tion IS also applicable to another dielectric device such 
as a capacitor having a structure in which a conductive 

ro layer is brought into contact with a dielectric film 

Although the present invention has been described 
and illustrated in detail it is clearly understood that the 
same is by way of illustration and example only and is 
not to be taken by way of limitation the spirit and scope 

ts of the present invention being limited only by the terms 
of the appended claims 



Claims 

1. A dielectric device comprising 



„ layer 

an insulating layer formed so as to cover said 
first conductive layer and having a contact hole 
a second conductive layer provided in said con- 
tact hole of said insulating layer and 
a dielectric film formed on said second conduc- 
tive layer 

2. The dielectric device according to claim 1 wherein 

said dielectric film is a ferroelectric film 

3. The dielectric device according to claim i further 
comprising 

a third conductive layer formed on said die- 



The dielectric device according to claim 1 further 
compr ising 

a connecting layer formed under said second 
conductive layer in said contact hole for electrically 
connecting said second conductive layer !o said 

tii'it conductive layer 



the conducliv'ly type of each lavor 

Although m the above-mentioned embodiment one 
contact hole Q is provided m the mterlayei insulating film 
7 on the first lower electrode J a plurality of contact 
holes may be formed in the inlerlayer insulating film 7 
on the first lower ele-;trode 3 so Ihnt second lower elec- 
trodes in the contaci holes are brought -nto contact with 



first and second impurity regions formed with 
predetermined spacing in a semiconductor 
a gate insulating film formed on a region be- 
tween said first and second impurity regions 
a first lower electrode layer formed on said gate 
insulating film 

an interlayer insulating film formed on said 
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ccriHCt hoie ot Sriid inicrinycr insulating tilm 
HPd eleclric-illy ccnnoc'.cd lo smd lirsi lower 
eiQcKode Iriycr 

ri dioleclnc film formed cn said inlerlnyer insu- 
Irtlirg film SO hS to be brought into contact with 
the upper sutlaco of smd second lower elec- 
trode layer and 

an upper electrode layer formed on said dielec- 

The dielectric memory according to claim 5 further 
comprising 

a connecting layer formed under said second 
lower electrode layer m said contact hole for elec- 
trically connecting said second tower electrode lay- '5 
er to said first lower electrode layer 

The dielectric memon/ according to claim 5 further 
comprising 

a buffer layer formed on said interlaycr msu- 20 
fating film 

The dielectric memory according to claim 5 where- 
said dielectric film is a ferroelectric film 25 

The dielectric memory according to claim B where- 
said ferroelectric film has a perovskite cn/stal 

JO 

structure 

A dielectric device comprising 

an insulating layer having a contact hole 

a conductive layer provided in said contact hole ^5 

of said insulating layer and 

a dielectric film formed on said conductive lay- 



14. The method according !C claim 12 luithor compris- 
ing the stops of 

forming a third conductive layer on said dielec- 
tric film and 

patterning said third conductive layer 



c memory com- 



The dielectric device according to claim 10 further 
comprising 

another conductive layer formed ori said die- 
lectric film 



15. A method ot fabricating a 
prising the steps of 

forming a gate insulating film on a channel re- 
gion 

forming a first lower electrode layer on said gate 
insulating film 

forming an interlayer insulating film so as to 
cover said first lower electrode layer and said 
gate insulating film 

forming a contact hole in said interlayer insulat- 

fo^ming a second lower electrode layer electri- 
cally connected to said first lower electrode lay- 
er in said contact noie oi said mieilayei insulat- 

forming a dielectric film on said interlayer insu- 
lating film so as to be brought into contact with 
the upper surface of said second lower elec- 
trode layer 

forming an upper electrode layer on said die- 
lectric film and 

patterning said upper electrode layer and said 
dielectric film 

16. The method according to claim 15 wherein 

the step of forming said second tower electrode 
layer comprises the steps of 
forming a connecting layer up to a predeter- 
mined depth of said contact hole and 
forming an electrode layer on said connecting 
layer in said contact hole 



cthod of I, 



17. The method Hcccrdinq ic 



B further compris- 



foiming a first conductive .ayor 

forming an insulating layer on said first conduc- 

forming a contact hole in said insulating layer 
forming a second conductive layer in said con- 
tact hole of s.iid insulnling :aycr 
j^^^ipp^ ^ ciioiectric film cn said second conduc- 



18. The method according to claim 15 lurther compris- 
ing 

forming a buffer layer on said interlayer insu- 
lating film 

19. The method according to claim 1 5 wherein 
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structure 
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